The major catabolic enzyme for serotonin, monoamine oxidase (MAO), is present in the endothelium of cerebral vessels. We report the effects of the intracar otid administration of serotonin on local cerebral glucose utilisation in rats following MAO inhibition with the drug clorgyline. It was found that saline, clorgyline, or se rotonin alone produced no significant changes in glucose
Summary:
The major catabolic enzyme for serotonin, monoamine oxidase (MAO), is present in the endothelium of cerebral vessels. We report the effects of the intracar otid administration of serotonin on local cerebral glucose utilisation in rats following MAO inhibition with the drug clorgyline. It was found that saline, clorgyline, or se rotonin alone produced no significant changes in glucose
The endothelial cells of cerebral vessels have a number of morphological and biochemical features that combine to form the blood -brain barrier [see Hardebo and Owman (1980) for review and refer ences]. Due to the protective capacity of the blood brain barrier, serotonin produces a decrease in ce rebral blood flow only in situations where the per meability of the blood-brain barrier has been in creased, e. g. , using hypertonic urea (Harper and MacKenzie, 1977; Grome and Harper, 1983) . The administration of the monoamine oxidase (MAO) inhibitor tranylcypromine followed by serotonin has also been shown to decrease cerebral blood flow (Eidelman et aI. , 1978) . This emphasises the role of the catabolic enzyme MAO as part of the "biochemical" blood-brain barrier (Bertler et aI. , 1966; Lai and Spector, 1978; Hardebo et aI. , 1980) . The present study was carried out to obtain in formation as to whether MAO inhibition, by the specific MAO inhibitor clorgyline (Johnston, 1968) , could alone or in combination with serotonin lead to changes in cerebral energy metabolism, as indi cated by local cerebral glucose utilisation.
utilisation. Following the infusion of clorgyline, the ad ministration of serotonin produced significant decreases in glucose utilisation in cortical areas of between 12 and 33%. and in the caudate nucleus of 16%. Key Words: Blood-brain barrier-Clorgyline-Local cerebral glu cose utilisation-Monoamine oxidase-Serotonin.
METHODS
Anaesthesia was induced in 19 rats (350-450 g) with a mixture of 5% halothane in nitrous oxide and oxygen (70%:30%). A tracheotomy was performed and the rats were subsequently ventilated, using a small animal pump, with 0.5% halothane in the same gas mixture. Polyeth ylene catheters were inserted into the femoral artery and vein of each hindlimb for drug and isotope administration, blood pressure recording, and blood sampling. Another catheter was inserted retrogradely into the external ca rotid artery with the tip lying at the bifurcation of the internal and external carotid arteries such that any sub stance infused into the catheter entered the blood passing into the internai carotid artery. Arterial blood pressure was monitored continuously and arterial POl and Peo2 were measured at intervals throughout the experiment. After surgery was completed, the rats were allowed to stabilise for at least 45 min.
Measurement of local cerebral glucose utilisation
[14CJ2-Deoxyglucose (50 f,LCi) was given intravenously. Over the next 45 min, 14 blood samples (�70 f,LI in volume) were taken. The plasma obtained from these samples was analysed for glucose content and 14C con centration by semiautomated glucose oxidase assay and liquid scintillation counting, respectively. The experiment was terminated by the decapitation of the rat and the rapid removal of the brain, which was frozen; 20-f,Lm cor onal sections were then cut in a cryostat cooled to -22°C. The sections were mounted on cover slips and place on x-ray film for 7 days. At the end of this time, the x-ray plates were developed by conventional means and 14C concentration of the cerebral regions was calcu lated by densitometric comparison with the images of the 1. 1. GROME AND A. M. HARPER plastic standards of known radioactivity. A full detailed account of the 2-deoxyglucose technique has been pub lished by Sokoloff et al. (1977) .
Experimental protocol
The experiments were carried out in four groups. Group 1: Saline was infused into the carotid catheter at a rate of 100 fLl min -I (n = 5). Group 2: Clorgyline (50 fLg kg-I min -I) was infused at the same rate as in group 1 for 15 min, followed by an infusion of saline (n = 4). Group 3: Serotonin was infused at a concentration of 50 ng kg-1 min-I at the same rate as in group 1 (n = 4). Group 4: Clorgyline (concentration as in Group 2) was infused followed by serotonin (concentration as in group 3) (n = 6).
In each group of experiments, the infusions of saline or serotonin were maintained throughout the 45-min pe riod required for the estimation of local cerebral glucose utilisation. [I4CJDeoxyglucose was given 5 min after com mencement of the infusions of either saline or serotonin.
Statistical analyses
Data are presented as means ± SEM. Statistical dif ferences were analysed using the t test by paired com parison when comparing regions bilaterally in the same animals and by analysis of variance with the Scheffe test (1959) for multiple group analysis.
RESULTS
The intracarotid administration of saline, sero tonin, clorgyline, or a combination of clorgyline followed by serotonin had no effects on mean arterial blood pressure Pco 2 , Po 2 , or pH.
The administration of serotonin into the internal carotid artery (50 ng kg-I min -I) had no significant effect on local cerebral glucose utilisation as com pared with saline controls. Similarly, clorgyline did not produce any significant effects on cerebral glu cose utilisation ( Table I) .
The combination of serotonin and clorgyline in fused into the carotid artery reduced the rate of cerebral glucose consumption in 6 of 10 structures studied. These were the visual, auditory, parietal, sensorimotor, and frontal cortices and the caudate nucleus. The most affected area was the parietal cortex, with a decrease in glucose utilisation of 33 ± 4%. The cingulate, hippocampus, and dentate gyrus did not show a significant reduction in glu cose utilisation.
DISCUSSION
It has been shown that in concentrations of 1 mg kg -1 i. p., clorgyline increases serotonin levels in the rat brain by 22% and decreases MAO type-A activity by 61% (Green and Youdim, 1975) . How ever, we were unable to detect any changes in local glucose uptake with clorgyline alone. It may be that the dose was inadequate to produce the necessary Ipsi, ipsilateral to infusion; contra, contralateral to infusion.
a Significant with respect to contralateral side (p < 0. 05). b Significant with respect to saline control rats (p < 0.05).
changes in MAO activity in the neuropil. Alterna tively, the changes in cerebral serotonin concentra tion may not be reflected in changes in function due to the presence of multiple pools of serotonin in the brain (Klevin et al. , 1983) . The effect of serotonin administration on cerebral blood flow has been shown to be negligible in the rat, baboon, and human in situations in which the blood-brain barrier remained intact (Harper and MacKenzie, 1977; Olesen, 1981; Grome and Harper, 1983) . Similarly, the intracarotid adminis tration of serotonin to anaesthetised baboons pro duced minimal effects on the rate of oxygen con sumption (Harper and MacKenzie, 1977) , which is in keeping with the results of this study. Our data therefore reemphasise the protective capabilities of the blood-brain barrier with respect to increased concentrations of neuroactive compounds in the blood.
The administration of clorgyline followed by se rotonin decreased local cerebral glucose utilisation in certain regions of the rat brain. Since the rate of glucose utilisation can be correlated to neuronal ac tivity (Yarowsky et al. , 1979) , these data are in keeping with electrophysiological measurements showing a depressive action of serotonin on neu ronal activity (Bloom et aI. , 1972) .
The distribution of central serotonergic fibres and receptors has been extensively mapped (Chan Palay, 1977; Scott-Young and Kuhar, 1980; Stein busch, 198\) . The rat cortex and caudate nucleus are heavily innervated, which again correlates with the pattern of glucose utilisation change seen fol lowing clorgyline and serotonin administration. It should be noted, however, that a limitation of in tracarotid administration is that cerebral areas that are known to be innervated by serotonin terminals but that lie outside the area of brain supplied by the internal carotid artery probably do not receive a sufficient supply of the compounds to show a change in local cerebral glucose utilisation, e. g. , hippocampus.
In summary, the present study shows that a direct effect on cerebral function can be produced by se rotonin in the presence of MAO inhibition. This em phasises the importance of MAO, which is present in the endothelial cells of the cerebrovasculature. This study may be of relevance for disease states in which variations of MAO activity have been im plicated (Sandler, 1977) .
